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N O T I C E  

This )report was prepared as  an account of Government-sponsored work. 
Neither the United States nor the  National Aeronautics and Space Adndnis- 
t r a t i o n  (NASA), nor any person acting on behalf of NASA: 

A)  Makes any warranty or representation, expressed or implied, with 
respect t o  t h e  accuracy, completeness, or usefulness of t h e  information 
contained i n  t h i s  report, or that t h e  use of 
method, or process disclosed i n  this report may not infringe privately- 
owned rights; or 

hfor9iatian, apparatus, 

B) Assumes any l i a b i l i t i e s  with respect t o  the  use of, o r  for d€UUagrr8 
resul t ing f romthe  use of any information, apparatua, method or  
process disclosed in t h i s  report. 

As used above, "person acting on behalf of NASA" includes any employ~s or 
contractor of NASA, or employee of such contractor, t o  the extent t ha t  
such employee or contractor of NASA or employee of such contractor prepares, 
disseminates, or  provides access to ,  any information pursuant t o  his eorploy- 
ment or contract with NASA, or  h i s  employment with such contractor. 
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I. INTRODUCTION 

This is t h e  Sixth Quarterly Progress Report describing work 
accomplished under Contract NAS 3-2540. 
t o  determine t h e  weldabili ty and long time elevated temperature s t a b i l i t y  of 
promising refractory m e t a l  alloys i n  order t o  determine those most su i tab le  
fo r  use 3n advanced alkali-metal space e l e c t r i c  power systems. 
discussion of t h e  program and program objectives was presented i n  t h e  F i r s t  
Quarterly Report. 
1. 

The objective of  t h i s  program i s  

A detailed 

Alloys included i n  t h i s  investigation a r e  l i s t ed  i n  Table 

Process and tes t  controls employed throughout t h i s  program emphasize 
t h e  important influence of interstitial elements on the  properties of refractory 
metal alloys. Stringent process and test procedures are required, including 
continuous monitoring of t h e  TIG weld chamber atmosphere, electron beam 
welding at  l o w  pressures, aging in furnaces employing hydrocarbon free pump- 
ing systems providing pressures leas than 10-8 torr, and chemical sampling 
following successive stages of the  evaluation for ver i f ica t ion  of these 
process controls. 

Equipment requirements and set-up, and procedures f o r  welding and 
testing, have been described in previous progress reports.  
in processes, changes i n  procedures, or additional processes and procedures 
are  described in t h i s  report. 

Any improvements 

1 



TABLE 1 - Alloys Included in the  Weldability 
and Thermal Stab i l i t y  Evaluations 

N o m i n a l  Composition 
Weight Percent 

~ ~ 

As-55 

B-66 

C-129Y 

Cb-752 

D-43 

FS-85 

SCb-291 

T - l l l  

T-222 

Ta-1OW 

Cb-fN-1Zr-O. 2Y-O 06c 

Cb-5Mo-SV-lZr 

Cb-lOW-lOHf+Y 

Cb-lOW-2.52r 

Cb-1OW-lZr-O.lC 

Cb-27Ta-lOW-lZr 

Cb-1OW-1OTa 

Ta-8W-wf 

Ta-9.6W-2.4Hf-O.OlC 

Ta-1OW 

~ - 2 5 ~ e  ~ - 2 5 ~ e  

W Unalloyed 

Sylvania "A 'I w-0.5Hf-o. 02c 

try Astronuclear 0 Laboratory 

Note: A l l  a l loys t o  be from arc-cast and/or 
electron beam melted material  except 
Sylvania "A If 

2 
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11. S m Y  

The procurement phase of t h i s  program is essent ia l ly  complete a s  
shown in Table 2. 
and effort  required i n  obtaining these al loys.  
resul ted primarily because the  majority of these alloys,  from the  standpoint 
of production s ta tus ,  are semi-commercial o r  experimental. 

This tab le  re f lec ts  the  considerable expenditure of time 
Procurement d i f f i c u l t i e s  

_/- 

The sheet but t  weld parameter study has been completeAfor all. 
avai lable  columbium and tantalum alloys and fo r  1;-25F.e EB welds,, Bend test 
results f o r  alloys not previously reported are included i n  tlf& report. 
include TIG welds i n  AS-55, T - l l l ,  and T-222 and EB welds in these and C-129Y 
and B-66. 

These 

A surpma~y of current bend tes t  results are given i n  Figure 1. 

The bead-on-plate weld res t ra in t  patch test was run on T-XL,  T-222, 
and AS-55. 
and penetrant inspections. 

These welds were defec t  f r e e  as  determined by visual,  radiographic, 

The f irst  ser ies  of butt welds i n  3/8 ineh p l a t e  was bend tested.  
Included were transverse and longitxdinal specinens of Ta-lOM, SCb-291, 
Cb-752, C-l29Y, 0-43, B-66, a d  FS-85. 
specimens of Ta-lobi, FS-85, and SCb-291 displayed excellent d u c t i l i Q  although 
the  longitudinal specimens f o r  FS-85 and SCb-291 f a i l e d  a t  125" and 160" bend 
angles respectively. 
132O Without failure but the  transverse specimen f a i l ed  a t  27". Other alloys 
had poorer duct i l i ty .  

Both transverse and longitudinal 

The longitudinal specimen of C-129Y was bent through 

Helium gas sanples of the backfilled weld box were again taken 
and, using the  technique of cryogenic concentration of impurities, w e r e  
analyzed on a mass spectror,eter. 
backfil led chamber was found t o  be less than 0.25 ppm with a t o t a l  ac t ive  
impurity concentration of l e s s  than  1.25 ppm. 
high puri ty  helium was  used i n  t h i s  test. 
welding on this program. 

The oxygen concentration l e v e l  i n  t h e  as- 

A special ly  procured ultra- 
Th i s  grade is  being used f o r  a l l  

3 
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FIGURE 1 - Summary of Current k n d  Test Results for 
Butt Welds in 0.035 Inch Sheet. 

5 



try Astronuclear 0 Laboratory 

111. TECHNICAL PROGRAM 

A .  ALLOY PROCURE3E3V 

The procurement s ta tus  of t he  a l loys  included in this program i s  
shown i n  Table 2. 
sheet w e r e  delivered. 
alloys i s  given i n  Table 3, while hardness and grain s i z e  values are given 
in  Table 4. 
Figures 2 and 3 ,  w h i l e  t h e  respective base m e t a l  bend test results are given 
i n  Figures 5 and 6. 
found t o  be high (630 t o  950 ppm) in a l l  sheets. 
t i c u l a r  material is not considered a representative commercial grade and no 
t e s t i n g  of this a l loy  will be conducted beyond t h a t  included in  t h i s  report. 

During this period t h e  T-222 sheet and p l a t e  and T - U 1  
A summary of chemical compositions f o r  t h e  as-received 

Base m e t a l  microstructures f o r  T - l l l  and T-222 are shown in 

The -4s-55 base metal oxygen level was rechecked and 
Consequently, this par- 

B . XZLDIIJG EVALUATIONS 

1. T I G  Sheet Welding 

Sheet weld* has been completed fo r  t e n  al loys for t h e  parameter 
optimization phase. 
t h i s  period, including T-lll, T-222, and AS-55, are presented in this report. 
Results on other a l loys  were reported earlier. 
equipment w e r e  described in d e t a i l  previously. 
data presentation i s  given again for convenience i n  Figure 4 .  

Bend t e s t  results f o r  t he  three  alloys completed durirg 

TIG welding procedures and 
The "key" f o r  t h e  bend test  

During t h e  previous reporting period, a change in helium supply 
was made. 
Inc., i s  now being used f o r  backfilling the  TIG weld chamber. 
resul ted in a considerable improvement i n  backfil led chamber purity. 
welding atmosphere oxygen l eve l  has now been reduced t o  less than 0.25 ppm 
owgen and 1.25 ppm t o t a l  active impurities compared with 1.2 t o  2.3 ppm ans 
5.3 t o  11.3 respectively for a standard grade helium. 
of backfil led chamber helium have been obtained. 

Ultra-high puri ty  helium purchased from A i r  Products and Chemicals, 
This has 

The 

The following analyses 

(1) lloisture, all: not aetectable 
(2) Chlorinated hydrocarbons 
(3) Does not include chlorinated hydrocarbons since these have been noted 

on ly  when using one par t icu lar  sample bo t t l e  and are therefore f e l t  t o  
result from residual  sample bot t le  contamination. 

6 
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The following observations were made i n  evaluating t h e  TIG sheet 
bu t t  weld bend tes t  results: 

T-lll TIC Welds (See PaRes 36- 38 f o r  t es t  data) - "his alloy has 
excellent weldabili ty which i s  apparently unaffected over a broad range of 
welding conditions. 
penetrant and radiographic inspection. 
exhibited no duc t i le  t o  b r i t t l e  bend t r ans i t i on  temperature down t o  t h e  low- 
e s t  test point, - 3 2 0 O F .  
of weld No. 2 a t  - 3 2 0 O F .  
specimens of weld No. ll. 
on a l l  specimens. 
results reported previously in other programs.ls2 This alloy appears t o  
possess excellent f ab r i cab i l i t y  combined with high strength. 
of t h i s  a l loy  i s  apparently accomplished primarily by so l id  solution. 

Welds were defect free as determined by visual, dye 
For a l l  but two welds, t h i s  a l l o y  

A small weld crack occurred in t h e  transverse test 
Weld tears occurred in all three longitudinal 

However, t h e  ta rge t  90" t o  105" bends were obtained 
These r e su l t s  are i n  essential agreement with t h e  favorable 

Strengthening 

T-222 TIG Welds .!See pages 42-44 for test data) - N i n e  of twelve 
welds 
temperature, -320OF. The highest t rans i t ion  temperature was noted f o r  weld 
No. U, -100°F. 
However, five welds indicated porosity i n  radiography. 
a t  w e l d i n g  speeds of less than 30 inches per minute. 
en t i r e ly  unexpected, it is now receiving close at tent ion.  Radiography is 
being complemented by metallography and spectographic analyses in an e f fo r t  
t o  determine t h e  cause of and extent of t he  weld porosity problem. 
f o r  t h e  weld porosity, T-222 l i k e  T - l l l  possesses a combination of f ab r i cab i l i t y  
and high strength. 
addition of 100 ppm carbon and s l igh t ly  higher hafnium and tungsten levels. 
Despite t he  carbon addition, t h i s  alloy also appears t o  r ea l i ze  its strength 
from s o l i d  solution. 

t h i s  a l loy  were en t i r e ly  ducti le down t o  t h e  lowest bend tes t  

No v isua l  o r  dye penetrant weld defects were observed. 
A l l  porosity occurred 

Since this problem was 

Except 

The T-222 a l loy  strength exceeds T-lll because of t he  

AS-55 TIG Welds (See papes 23-25 f o r  test data) - Bend t rans i t ion  
temperatures f o r  t h i s  a l loy  were f a i r l y  consistent varying over a X)OoF ran e 

pany of t he  specimen f a i lu re s  occurred near t he  90 t o  105" t a rge t  bends as 
small w e l d  cracks and generally not as t o t a l  specimen fractures.  Unfortun- 
a t e l y  the  carbon and oqgen  contents of t h i s  material a r e  out of spec which 
r e su l t s  i n  considerable d i f f i cu l ty  i n  evaluating t h i s  alloy. 
appears t o  be low (300 t o  440 ppm) while t he  oxygen is excessively high 
(630-930 ppm). Considering t h e  oxygen leve l ,  t h i s  alloy is remarkable duc t i le  
demonstrating the  beneficial  e f fec t  of y t t r ium.  
considerable slagging at  t h e  weld producing a discontinuous black film over 
approxinately 30 per cent of t he  weld surface, Figure ll. Because the  oxygen 
l eve l  is  so abnormally high, no further work w i l l  be conducted on t h i s  alloy. 

from +25"F t o  225OF. These values appear t o  agree with reported test data. 9 

The carbon 

The yttrium resulted i n  

7 
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2. EB Sheet Welding 

A complete s e t  of welds f o r  the  parameter optimization phase was 
produced f o r  the  t an ta lum base a l loys ,  T - l l l  and T-222 and columbium base 
alloys C-129Y, B-66, and AS-55. 
a re  discussed below. 

The welds were bend tes ted  and t h e  results 

The bend t r ans i t i on  temperatures indicated are, as described i n  the 
previous quarterly report ,  and shown i n  Figure 4, those a t  which a 90" t o  
105" bend was obtained without cracking on the  tension s ide  of t he  specimen. 

T-lll EX3 Welds (See pages 33-35 f o r  Test Data) - A s  in t h e  TIG weld 
evaluation, t h i s  alloy demonstrated excellent weldability with a l l  twelve of 
t h e  weld parameters producing ductile bends a t  l iqu id  nitrogen temperature 
(-320OF). A l l  but t he  two high speed (100 ipm) welding passes produced welds 
of acceptable external appearance. 
b r i t t l e  bend behavior was below the lowest t e s t  temperature for all t he  para- 
meters evaluated, welds were judged by weld physical appearance. 
speed weld a t  15 ipm, 1/2 inch wide clamp spacing and 0.050 inch longitudinal 
deflection, produced the f l a t e s t  weld with the highest expected jo in t  efficiency. 

Since the  t r ans i t i on  from ductile-to- 

The slow 

T-222 EB Welds (See pages 39-W fo r  T e s t  Data) - The veld bend 
t rans i t ion  temperature range f o r  the parameter evaluation of T-222 i s  tenta- 
t i v e l y  from -X>O°F t o  less than l iquid nitrogen temperature, -320OF. 
weld parameters except one w e r e  ducti le t o  -32O0F and t h i s  weld was found t o  
be misaligned along t he  weld joint  resul t ing i n  l e s s  than 100% weld penetration. 
This parameter will be rewelded and retested.  

All 

On the  basis of weld radiography and physical appearance, t h e  weld 
a t  15 ipm, 0.050 inch longitudinal deflection, and wide clamp spacing of 1/2 
inch produced t h e  best weld.  
undercutting and buildup on the t o p  and bottom weld surfaces. This al loy is  
obviously adaptable t o  a wide range of welding conditions. 

The o t h e r  weld parameters demonstrated more 

AS-55 EB ge lds  (See pages 20-22 f o r  Test hta) - AS-jj was readi ly  

The overall  range of t r ans i t i on  temperatures 
electron beam welded with approximately a 200OF increase in bend t r ans i t i on  
temperatwe following welding. 
was from -XX)OF t o  25OF. Two o f  the twelve weld parameters produced struc- 
t u r a l l y  defective welds, but these did not a f fec t  the  spread i n  bend test  
resu l t s .  Longitudinal bend tes t  fractures i n i t i a t e d  i n  t h e  weld and h e a t  
affected zone were generally arrested i n  the  base m e t a l .  deld clamp spacing 
did not a f fec t  t h e  extent of fracture propagation i n  the  longitudinal speci- 
mens. Transverse bend t e s t  specimens fractured with equal frequency along 
the  w e l d  centerline and in the  heat affected zone indicating tha t  weld and 
heat affected zone embrittlement are about equally important. No slagging 
w a s  observed on t h e  surface of t he  EB welds as was seen on t h e  TIG welds. 

8 
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The absence of slagging could perhaps be a t t r i bu ted  t o  a breakdown of t h e  
s t ab le  yttrium oxide, Y203, by the high power density electron beam and 
consequent v s l a t i l i za t ion  as a sub-ofide such as YO. 

Slower welding speeds produced welds of lower duc t i le -br i t t l e  
t r ans i t i on  temperatures. 
w e l d i n g  speed with 0.050 inch longitudinal beam defiection. 

bend t r ans i t i on  temperature range obtained, (from -150°F t o  350°F , was 
apparently caused by the  large number of structurally defective welds produced 
using t h e  typ ica l  range of weld parameters. 
played a severe rippled pattern effect ively producing s t r e s s  raisers i n  
the  weld. 
uniform weld s i ze  by power input did not suffer the  same problem. 
a susceptabi l i ty  t o  r ippl ing cannot be predicted, frequently a l loys  containing 
a major al loying constituent of high vapor pressure and/or which s igni f icant ly  
increase t h e  liquidus-solidus separation are troublesome. 
contribute t o  both these fac tors  i n  -6. 
welds, the  t r ans i t i on  t-rature range is reduced t o  -1OOOF t o  150OF. 

The three best welds were made a t  15 t o  25 ipm 

r Test Data) - The lar e weld B-66 EB Welds (See Dane s 2749 fo 7 
Seven of the  twelve welds dis- 

Other alloys welded with t he  same parameters, but adjusted f o r  
Although 

Vanadium may 
EKcluding the  s t ruc tu ra l ly  defective 

The t rans i t ion  from b r i t t l e  t o  duc t i le  behavior with teriperature 
was abrupt, but t he  majority of the weld and heat affected zone i n i t i a t e d  
longitudinal bend fractures  were arrested i n  t h e  base metal. 
bend tests usually produced fractures along t h e  weld centerline.  

Transverse 

Good welds with low bend t r ans i t i on  temperatures w e r e  obtained a t  
moderate speeds of from 25 t o  50 i p m  with 0.050 inch longitudinal deflection. 
The best  combination of physical appearance and low bend t r ans i t i on  tempera- 
ture ,  -100OF, was obtained w i t h  weld number 7 using 25 ipm, with 0.050 inch 
longitudinal beam deflection and the narrow 3/16 inch clamp spacing. 

C-129Y EB Welds (See pages 30-32 f o r  Test Datal - The weld bend 
t r a m i t i t n  range f o r  C - l i 9 Y  was f r o m  -100°F t o  l e s s  than -320'F. The transi- 
t i o n  from ductile-to-brit t le behavior with temperature occurred abruptly wi th  
t he  longitudinal specimens showing l i t t l e  tendency for t he  base metal t o  
a r r e s t  cracks i n i t i a t e d  in t h e  weld  and heat affected zone. Transverse 
f ractures  propagated e w a l l y  through t h e  weld center l ine and hea t  affected 
zone t o  within 3/32 t o  1/4 inch of t h e  weld .  
-320OF f o r  w e l d  number 7 was obtained because most of t h e  bend angle s t ra in ing  
occurred in t h e  weaker heat affected zone. 
s t r a i n  the  weld metal, heat affected zone, and base metal, were not duc t i le  
below - 2 O O O F .  

The duct i le  transverse bend a t  

Longitudinal bends which equally 

9 
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!io definite trend was observed on the  e f fec t  of weld speed and 
The best combination of weld bend c l a p  spacing on weld bend duct i l i ty .  

d u c t i l i t y  and physical appearance was obtained a t  50 ipm with t h e  wide 1/2 
inch clamp spacing and 0.050 inch longitudinal beam deflection. 

3 .  Plate  deld Bend Tests 

The first se r i e s  of 0.375 inch p l a t e  but t  w e l d s  w e r e  bend t es ted  
during t h i s  period. 
were presented i n  t h e  Third Quarterly iieport on t h i s  program. 
bend t e s t ing  is  being done a t  room temperature. 
shown i n  Figure 24. 
successively sharper punch radii. 
and 3t. 
approximately 25', 40°, and 14.0". 

The double "U" design f o r  t h i s  jo in t  and w e l d i n g  schedules 
A l l  p l a t e  

The bend test  fixture i s  
Each specimen is  bend tes ted  in three stages using 

These are used t o  produce successiie respective bend angles of 
The three punches have r a d i i  of 16t, 8 t ,  

The r e su l t s  of these t e s t s ,  including bend data on each successive 
bend, a re  given i n  Table 13. 
were most duc t i le  and B-66 was l eas t  duct i le .  
longitudinal specimen of Ta-lOW were bent t o  
the 3t radius without fa i lure .  
Figures 25 t o  28. 

Among the  colwni~iwn alloys,  FS-85 and SCb-291 

deflection (141") over 
Both the  transverse and 

The bend tes ted specimens are shown i n  

4. held Restraint Tests 

The bead-on-plate weld res t ra in t  patch t e s t s  were welded f o r  T - l l l  
These specimens were inspected and T-222 (Figure 29) and AS-55 (Figure 30) .  

visual ly ,  radiographically and w i t h  dye-penetrant and icere found t o  be 
defect f ree .  
mate extent which has been observed f o r  the other program alloys. 

iill three alloys distorted considerably but only t o  the  approxi- 

10 
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FUTURE WORK 

It i s  anticipated t h a t  preparation of welds for t he  weld thermal 
s t a b i l i t y  study w i l l  be largely completed during t h i s  period. 
annealing s tudies  wi’L1 a lso  be completed for the  tantalum and columbium based 

Post weld 

a l l o y s .  

A study t o  determine the e f fec t  of variations in base m e t a l  inter- 
s t i t ia l  contamination levels  on the weldability of T-lll, T-222, and Fs-85 
has been in i t i a t ed .  
during the  next period. 

Preliminary resul ts  of t h i s  program will become available 

11 
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TABLE 4 - Hardness and Grain Size of As-Received Haterial 

Hardness Asm 
Alloy Form DPH Grain Size 

AS-55 Sheet 148 9 

Plate 225 6 
Sheet 219 10 

Sheet 185 10 

B-66 

C-129Y Plate 218 

Cb-752 Plate 204 8 
Sheet 205 8-9 

D-43 Plate 202 
Sheet 220 5 

F'S-85 Plate 205 
Sheet 190 

7 
8 

SCb-291 Plate 160 6 
Sheet 175 6 

Ta-1W Plate 197 8 

T - l l l  

Sheet 221 6-7 

Plate 223 6-7 
Sheet 221 9 

P l a t e  1 2'76 7-8 "-222 
Sheet 273 7-8 

w-25Re Sheet 526 
492 

9 

517 9 w Sheet 

* Stress Relieved, Not Recrystallized 
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FIGURE 2 - Microstructures of As-Received T - U ,  lOOX 
(HN03-NH4F*HF Etch) 
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FIGURE 3 - Microstructures of As-Received T-222, lOOX 
(HN+-:JH~F-HF I & C ~ )  
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FIGURE; ll - AS-55 Sheet Butt Weld 
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Transverse Bend 

FIGURE 28 - -6 and D-43 Plate Weld Bend Specimens 
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T - U 1  ( X l )  

Astronuclear @ Laboratory 

419-3 T-222 ( X l )  

A s  -Welded 

419-1 

T - l l l  (XI.) 419-5 T-222 (x1) 
Dye Penetrant Inspected 

FIGURE 29 - T - U 1  and T-222 Bead-on-Plate Patch Tests 
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As-55 (m u9-4 
Dye Penetrant Inspected 

FEURE 30 - AS-55 Bead-on-Plate Patch Tests 

Astronuclear 69 Laboratory 

52 



DISTRIBUTION LIST 

I 

1 .  

TRM 
Caldwell Research Center 
23555 Euclid Avenue 
Cleveland, Ohio, w317  
Attn: Librarian 

G. J, Guarnieri 

TRW 
New Devices Laboratories 
7209 P l a t t  Avenue 
Cleveland, Ohio W 0 4  
Attn: Librarian 

TRW 
Space Technology Laboratories 
One Space Park 
Redondo Beach, California 
Attn: Librarian 

National Aeronautics & Space A h .  
Washington, D. C. 20546 
Attn: Walter C,  Scott  

James J. Lynch (RN) 
George C. Deutsch (RR) 

National Aeronautics & Space Adm. 
Scient i f ic  & Technical Inf. Fac i l i t y  
Box 5700 
Bethesda, Maryland 218ll  

National Aeronautics & Space Adm. 
Ames Research Center 
Moff e t  Field,  California 94035 
Attn: Librarian 

National Aeronautics & Space A h .  
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
Attn: Librarian 

National Aeronautics & Space A h .  
Manned Spacecraft Center 
Houston, Texas 77001 
Attn: Librarian 

National Aeronautics & Space Adm. 
George C. Marshall Space Flight Center 
Hunt mil le ,  Alabama 3 5812 
Attn: Librarian 

Mm. A. Wilson R-MEMM 

National Aeronautics eC Space Adm. 
J e t  Propulsion Laboratory 
4800 Oak Grove Drive 
Ptrsadena, California 91103 

National Aeronautics & Space 
21oOC) Brookpark Road 
Cleveland, Ohio 44135 
Attn: Librarian 

Dr. Bernard Lubarse 
Roger Mather (NPTB) 
G. M. A u l t  
Joe Joyce (NPTB) 
Paul  Moorhead (NPTB) 

Adm. 

S E D  

John J, Fackler (SPSPS) 
Norman T. Musial 
Thomas Strom 
T. A. Moss (NPTB) 
Dr. Louis Rosenblum 
John Creagh 
G. K. Watson 
T m  Noore 
George Tulsiak 
Report Control Section 

National Aeronautics & Space A h .  
Langley Research Center 
Hampton, Virginia 23365 
Attn: Librarian 



DISTEIBUTIOTJ LIST 
( continued ) 

.idvanced Technology Laboratories 
Division of American Standard 
369 dhisman Road 
Xountain V i e w ,  California 
Attn: Librarian 

Aero je t  General Corparation 
P. 0. Box 296 
Azusa , California 
Attn: Librarian 

lero je t  General Nucleonics 
P. 0. Box 77 
San Ramon, California 
Attn: Librarian 

AiResearch Ihnufacturing Co. 
Sky Harbor A i r p o r t  
402 South 36th Street  
Phoenix, Arizona 
Attn : Librarian 

E. A. Kwacevich 
John D a n n a n  

."iiResearch Xmufacturing Co. 
9851-9951 Sepulveda Boulevard 
Los I'ingeles 45, California 
Attn : Librarian 

I. I. T. Research Ins t i t u t e  
10 lJ. 35 th  Street  
Chicago, I l l i n o i s  60616 

!.tonics International 
8900 DeSoto Avenue 
Canoga Park, California 

Avco 
Research & Advanced Development Dept . 
201 h e l l  Street  
?lilmingt on , 1-hs s achus e t t  s 
Attn : Librarian 

Babcock and kdilcox Co. 
Research Center 
iillianc e, Ohio 
Attn: Librarian 

Batt e l l e  Kemorial In s t i t u t e  
505 King Avenue 
Columbus, Ghio 
Attn: C. 14. Allen 

Librarian 

The Bendix Corporation 
Research Laboratories Div. 
Southfield, Detroit 1, izchigan 
Attn : Librarian 

The Eoeing Company 
Seat t le  , Las hingt on 
Attn : Librarian 

Brush Bery l l im  Company 
Cleveland, Ohio 
Attn : Librarian 

Carborundum Company 
ITiagara Falls,  New York 
Attn : Librarian 

Chance Vought Aircraft ,  h c .  
P. 0. Box 5907 
Callas 223, Texas 
.'ittn : Librarian 

Clevite Corporation 
Piechanical Research Xvision 
540 East 105th Street  
Cleveland 8, Ohio 
Attn: Kr.  N. C. Beerli  

Project Adnhistrator  

C l i m a x  Kolybdenum Co. of Kichigan 
jletroit,  IEchigan 
Attn : Librarian 

Convair Astronautics 
5001 Kerrny V i l l a  Road 
San Diego ll, California 
Attn : Librarian 

E. I. duPont de Nemours & Co. , Inc. 
Idihiington 98, Delaware 
Attn : Librarian 



c 

DISTHEUTIOId LIST 
( continued ) 

I '  

l a t e r i a l s  Research & Developrnent 
fhnlabs,  Inc. 
21 J r i e  S t ree t  
Cambridge 39, Massachusetts 

:!aterials Research Corp. 
Orangeburg, I'Jew York 
iittn: Librarian 

Picilonnell Aircraft  
St. Louis, Ij4issouri 
!,ttn: Librarian 

North American Aviation 
Los Angeles Division 
Los Angeles 9, California 
Attn: Librarian 

Pratt & ijhitney Aircraft 
400 I4ah St ree t  
Zast Hartford 8, Connecticut 
llttn : Librarian 

Norton Company 
Korcest er, Massachusetts 
Attn : Librarian 

P r a t t  & iihitney 
Plant ri 
ryiorth Haven, Connecticut 
Attn: Librarian 

Pra t t  & b!hitnejr Aircraft 
CANEL 
P. 0. Box 611 
Hiddletown, Connecticut 
Attn: Librarian 

D r .  Robert Strouth 

Fiepublic Aviation Corporation 
Farmingdale, Long Island, New York 
Attn: Librarian 

Solar 
2200 Pacific Highway 
San Diego 12, California 
Attn : Librarian 

National Research Corp. 
45 Industr ia l  Place 
Cambridge, Kassachusetts 
Attn: R. ii. Douglas 

Southwest Research I n s t i t u t e  
E500 Culebra Road 
San Antonio o ,  Texas 
Attn: Librarian 

Rocketdyne 
Canoga Park, California 
Attn: Librarian 

Superior Tube Company 
:$orristown, Pennsylvania 
Attn: 1 b . r .  A. Bound -. 

Sylvania i i lzctr ic  Products, Inc. 
Chen. E; Ketallurgical 
Towanda, Pennsylvania 
Attn : Librarian 

Terne s c a l  Let a l l u r g i  cal  
Berkeley, California 
kttn:  Librarian 

Union Carbide Metals 
Pjiagara Falls,  i:ew York 
Attn: Librarian 

Union Carbide S t e l l i t e  Corp. 
Kokomo , Indiana 
Attn : Librarian 

Union Carbide i\luclear Co. 
P. c. Box ii 
Oak Ridge, Tennessee 
Attn : X-10 Laboratory Aecords Dept . 
United Nuclear Carp. 
5 N e w  Street  
6ihite P la ins ,  fJew York 
Attn : Librarian 

Ilk. Albert iieinstein, 
Senior Zngineer 

Universal Cyclops Steel  Corp. 
Xef r ac t  omet Division 
Bridgeville, Pennsylvania 
Attn: C. P. Kueller 

University of iiichigan 
Cepartment of Chemical et l i e t a l l ~ u g i c a l  dng . 
,inn Arbor, I2ichigan 
Attn : Librarian 


